One of the first observations which showed differences between the livers of male and female rats was that by Deuel, Gulick, Grunewald & Cutler [1934] , who noted that the liver glycogen of normal adult male rats remained at a constantly higher level than that of females during periods of fasting up to 3 days. Deuel, Butts, Hallman, Murray & Blunden [1937] found that this sex difference was present also in non-fasted adult animals, while it was absent in immature and in senile rats. The decreased glycogen content of the liver of female rats was probably due to an inhibitory effect of the ovary.
The experimental diets were given for 7 days, the rats having been previously fed on the stock diet. The basal diet consisted of 2% agar, 3% salts, 25% sucrose, 60 % maize starch and 10 % cooking fat. The latter was supplemented with vitamins A, D and E, and the water-soluble vitamins were given as previously described under procedure 3 [Campbell & Kosterlitz, 1948] . Vitamin-free casein (Glaxo) was used as protein.
Chemical methods
These have already been described in detail [Kosterlitz, 1947; Campbell & Koster¬ litz, 1949a] . Liver protein is taken to be protein 6-25. Operative procedure The usual methods were employed for gonadectomy, the testes being removed through an incision in the scrotum and the ovaries through a dorsal midline incision.
Statistical procedure
The methods of Fisher [1946] were used. The standard error of the difference between the mean (y-¡) of nx observed values and the value (Y) predicted from a regression equation (obtained from observations) was calculated from the equation SE =y (v+v+^-*4 in which SE stands for the standard error of the difference, VE for the error variance (residual mean square) of the regression, Vb for variance of regression coefficient, for the mean of the independent variate of the regression equation and xx for the mean of the observed values of the independent variate. The significance of a difference is expressed as the probability of an observed difference occurring at random in a homogeneous population.
RESULTS
The effects of dietary protein, body weight and sex on the DNA content of the liver of adult rats In the course of investigations on the effects of variations in dietary protein on the composition of the liver, a considerable number of DNA estimations were carried out. In order to utilize these results for an analysis of the relationship between DNA content of rats' fivers and their body weights, it was first necessary to ascertain whether or not variations in dietary protein for periods of 1 week or less had any effect on the DNA contents. For this purpose regression coefficients for DNA on body weight were calculated for different diets (Table 1) . Since the differences between the regression coefficients and the error variances of animals on different diets were not significant, analyses of covariance could be carried out to test the differences between the mean DNA values on each diet. Neither of these analyses showed a significant difference between diets.
The combined regression coefficients for mg. DNA P on g. body weight were found to be 0-00518+0-000323 for male rats and 0-00803 ± 0-000763 for female rats, the difference being 0-00285 ± 0-00083 (P < 0-001). The corresponding regression lines with the individual observations are plotted in Fig. 1 . This also includes a small series of observations on immature rats in which no difference was found between the sexes.
So far as adult rats were concerned, the livers of female rats contained more DNA Fig. 2 show that, for rats fed on a given diet, there was a linear relationship between liver protein and body weight, and that the regression coefficients were significantly greater for male than for female rats, the difference being 0-00131 ± 0-00042 (P < 0-01). Since, on the one hand, the regression coefficient for DNA on body weight was greater for adult female rats than for adult males ( Fig. 1) and, on the other, the re¬ gression coefficient for liver protein on body weight was greater for male than for female rats, it was to be expected that the ratio protein N/DNA would behave differently in male and in female rats. In fact, in male rats the ratio increased with rising body weight (independently of intake), while in female rats it was independent of the body weight (Fig. 3) If larger intakes are taken into consideration, the relationship is more nearly logarithmic [Campbell & Kosterlitz, 1948, 19496] . In confirmation of earlier findings [Campbell & Kosterlitz, 1946] it was found that the slope of the regression line was greater for male than for female rats (Fig. 4) . The difference between the regression coefficients for mg. liver protein/100 g. body weight was 0-345 ± 0-109 (P < 0-01) and for liver protein N/DNA 0-092 + 0-0206 ( < 0-001). [Kosterlitz, 1947] . The values given in Table 2 show that there is no difference between the sexes. On the other hand, there is a significant difference between the ribonucleic acid (RNA P) contents of livers of male and female rats. In contrast to the constancy of the ratio phospholipin P/protein N, the ratio RNA P/protein decreases with increasing protein content of the fiver. This may be due to the fact that, apart from the RNA content of the cytoplasm, a small amount is found in the nucleoli [Brächet, 1941; Davidson, 1947; Schneider, 1947] which apparently does not take part in the dietary variations of the cytoplasmic RNA P. When the ratio RNA P/DNA (mg./mg.) was plotted against the ratio protein N/DNA (mg./mg.) straight lines of identical slopes were obtained (Fig. 5) . The constant term of the regression equation was, however, significantly greater in male than in female rats, the difference being 0-107 ±0-025 (P< 0-001).
Of the constituents of the cytoplasm which are probably not part of the essential structure of the liver cell, glycogen and neutral lipids have been investigated. There was always more glycogen in the liver cells of male than in those of female rats (calculated per 0-25 g. DNA), while no such difference was found for neutral lipids (Table 2) The effect of castration of mature rats on the composition of their livers In this series of experiments adult rats were gonadectomized, allowed to recover for 1 week on the stock diet and then placed on the experimental diet for 1 week.
In both male and female castrates the DNA content was slightly higher than was predicted for normal rats of the same body weight, the differences being 0-103 ± 0-037 mg./fiver in the male and 0-102 ± 0-043 mg./liver in the female rats. There was, however, no approximation between the values of the two sexes as might have been expected, and as was actually found in rats castrated before puberty.
There were no differences between the protein contents of the livers of normal and castrated rats placed on 8, 20 and 50 % casein diets, if the results were expressed as mg. liver protein/100 g. body weight (Table 3 ). In the case of the females, the protein N/DNA ratios, too, were unaffected by castration, while in male castrates this ratio was consistently lower than in normal males, although statistical significance was reached only once (50% casein). If, however, a combined estimate was made for the rats on all three diets, castration lowered the value of the ratio protein N/DNA by 10-77 + 2-38 (P < 0-001). There was no evidence of any difference between the diets in their effect, nor did the correction for differences in body weight affect the significance. The effect of castration of immature rats on the composition of their livers The rats were castrated when they were 35 days old and allowed to grow up on the ordinary stock diet. At the age of 3-4 months they were placed on the 20 % casein diet for 1 week and then killed for the analyses of the fivers (Table 4 ). The effect of testosterone on the composition of the liver of castrated rats Rats were castrated at the age of 35 days. When they were 3-4 months old they were placed on a 20 % casein diet for 1 week and injected daily with 2 mg. testosterone propionate (Table 4 ). This treatment had no effect on the DNA contents of the livers. On the other hand, the protein contents of the livers of both male and female castrates were raised to values which approximated to those found in normal males. No unequivocal effect of testosterone on the RNA P/DNA ratio could be discerned.
DISCUSSION
Since deoxyribonucleic acid (DNA) is present in the nuclei but not in the cytoplasm of the liver cells [Schneider, 1947] , the amount found in the liver may be assumed to be an approximate measure of the nuclear material present. It is likely that changes in DNA are caused by variations in the number of the nuclei [Vendrely & Vendrely, 1948] . Since the volume of the nucleus is small compared with that of the whole cell, the protein and phospholipin contents may be taken as an approximate measure of the cytoplasmic mass. Thus, the ratio protein N/DNA will be a measure of the ratio cytoplasm to nucleus, and since DNA is unaffected by changes in dietary protein it may be used as a reference standard for other substances which are affected by variations of the diet.
The increase in liver DNA due to growth takes place equally rapidly in male and female rats up to the time of sexual maturity. After puberty the increase in liver DNA per unit of body weight gained is considerably smaller in male than in female rats. The livers of adult male rats castrated at the age of 35 days contain about as much DNA as normal adult males, while the livers of adult females castrated before puberty have less liver DNA per unit body weight than normal adult females. This latter phenomenon may at least partly be due to the fact that, as Korenchevsky et al. [1941] have pointed out, castrated females gain body weight more rapidly than normal females.
When the intake of dietary protein is raised the amount of liver protein, expressed per 100 g. body weight or per mg. DNA , increases more rapidly in males than in females. Simultaneously, there is a rise of phospholipin maintaining an almost constant ratio lipoid P/protein N, and an increase in RNA which is, however, smaller than that in protein N. Thus, for identical protein intakes, the male rats produce more labile liver cytoplasm than the females. These observations confirm and extend the findings described previously [Campbell & Kosterlitz, 1946 Kosterlitz, 1947] .
During growth, the ratio of cytoplasm to nucleus in the liver cell remains constant in females but rises considerably in males. While before puberty no difference in ratio is found between the sexes, the mature male rat has a much greater ratio than the mature female rat. If the assumption is permissible that the amount of DNA is determined by the number of nuclei rather than by their size, then the female liver grows by reproduction of cells of about the same size while the male liver grows by increasing not only the number of cells but also their cytoplasm content.
After castration of mature rats, the ratio cytoplasm/nucleus falls in the male but shows no significant change in the female. This is probably caused by the loss of the androgens which have a powerful anabolic effect on protein metabolism [cf. Kocha¬ kian, 1946] . When the gonads are removed before puberty, the effect on the liver is more complex. In the castrated male, the ratio of cytoplasm to nucleus is again lower than in the normal control, without any change in the DNA content per unit body weight. In the female, the ratio rises although there is no change in the protein content of the fiver. Thus it is likely that the rise in the ratio cytoplasm/nucleus in the castrated female is due to the decrease in the amount of liver DNA per unit body weight. There are probably two reasons why the ratio cytoplasm/nucleus is higher in normal male than in normal female rats : first, the DNA content of the liver per unit body weight is lower in males than in females, and secondly, the anabolic effect of the androgens which increase not only the amount of protein in the liver but also that of phospholipins and RNA. This effect of the androgens is abolished by orchidectomy, either at the age of 35 days or 3-4 months, and restored by daily injection of 2 mg. testosterone propionate for 7 days.
There are only minor differences between male and female rats so far as the other main cytoplasmic constituents of the fiver cells are concerned; the ratio lipoid P/protein is identical in both sexes, while the ratio RNA P/DNA is slightly greater in males than in females. Castration, if anything, slightly raises this latter ratio in both males and females. Korenchevsky [1941] found that the basophil granules which Berg [1914] described in liver cytoplasm diminished after castration and were restored by administration of androgens and oestrogens. The basophifia of these granules is due to RNA [Brächet, 1941] , which, however, is also found in the chromophilic ground substance [Claude, 1946] 2. The increase in DNA in the fiver proceeds at equal rates in male and female rats up to the time of puberty. Thereafter, the increase in liver DNA per unit body weight gained is considerably smaller in male than in female rats. Castration at the age of 35 days has no effect on the adult ratio of liver DNA to unit body weight in the male, while it lowers this ratio in the female.
3. During growth, the ratio of cytoplasm/nucleus remains, for a given protein intake, approximately constant in female rats but rises considerably in males. This phenomenon is at least partly due to the anabolic effect of androgens on protein metabolism.
4. The coefficients of the regressions of liver protein/100 g. body weight or of liver protein N/DNA on dietary intake are considerably greater in male than in female rats. For identical protein intakes, the male rat produces more labile liver cytoplasm than the female.
5. No major differences were found between the sexes so far as the composition of liver cytoplasm was concerned; the ratio lipoid P/protein scarcely varies and is identical in both sexes while the ratio RNA P/DNA is slightly smaller in female than in male rats. There is a linear relationship between RNA (ribonucleic acid P) and protein N, the gains and losses of the former being smaller than those of the latter. The ratio of glycogen to DNA, however, is higher in the livers of male than of female rats.
We 
